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1682-606X/Copyright ª 2015, TaiwanSummary We present a case of congestive heart failure with pulmonary artery hypertension
caused by a left-to-right shunt. Physical examination on admission revealed hypertension,
arrhythmia, a diastolic murmur over the bilateral sternal borders, and a pitting edema over
both lower legs. Imaging studies revealed a large coronary artery fistula (CAF). After ligation
of the fistula, the patient recovered adequately and was discharged. Although cases of CAF
have been reported and clinical presentations such as congestive heart failure are not rare,
CAFs require particular attention, because they typically exhibit a varied clinical course. We
present this case to share our experience regarding myocardial protection and help practi-
tioners prevent misdiagnosis or delayed treatment for such cases.
Copyright ª 2015, Taiwan Surgical Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Coronary artery fistula (CAF) can be congenital or acquired
(infectious, traumatic, and iatrogenic). Anomalies associ-
ated with congenital CAF include tetralogy of fallot, atrial
septal defect, patent ductus arteriosus, ventricular septalhave no conflicts of interest.
of Cardiovascular Surgery,
s Taoyuan General Hospital,
m (P.-R. Tzeng).
04.002
Surgical Association. Published bydefect, pulmonary atresia with an intact ventricular
septum, and superimposed coronary artery disease. In
addition, such anomalies may be acquired secondary to
trauma or iatrogenic interventions, such as pacemaker
implantation, endomyocardial biopsy, coronary artery
bypass grafting, and coronary angiography (CAG). Most
CAFs are small, asymptomatic, and clinically undetectable
until incidentally revealed using echocardiography or cor-
onary arteriography. They generally do not cause any
complications and resolve spontaneously. However, large
fistulae are typically three times the diameter of a normal
coronary artery and may cause symptoms or complications.
Our patient had a left main artery (LM)eright atrium (RA)Elsevier Taiwan LLC. All rights reserved.
Large coronary artery fistula 141CAF. Management of a CAF presenting with congestive
heart failure constitutes a unique surgical challenge.
2. Case Report
A 42-year-old woman had been treated for hypertension
and arrhythmia for years. She visited our hospital com-
plaining of chest pain with worsening angina and dyspnea
(New York Heart Association Class III) on exertion for 3
months. Examinations on admission revealed tachycardia of
110 beats/min, with blood pressure of 140/90 mmHg, and a
pitting edema over both lower legs. On auscultation, a
continuous to-and-fro heart murmur was detected. A chest
X-ray revealed cardiomegaly, a bilateral pleural effusion,
and engorged pulmonary arteries. Transthoracic echocar-
diogram demonstrated dilation of the four chambers, left
ventricle (LV), and right ventricle; generalized hypokinesis;
systolic dysfunction with a left ventricular ejection fraction
of 32%, and a right ventricular ejection fraction of 32%;
severe tricuspid regurgitation with pulmonary hypertension
(right ventricle systolic pressure Z 69 mmHg); and a peri-
cardial effusion of w1.2 cm depth. The telemetry elec-
trocardiography revealed atrial fibrillation with rapid
ventricular response (heart beat w110e145 beats/min).
She received antiarrhythmia and diuretic therapy in a
ward room. Subsequently, the CAG revealed LM dilation.
However, the CAG did not show the CAF clearly. Arterio-
venous shunting was determined through additional
SwaneGanz catheterization, oximetry, and contrast-
enhanced multislice computed tomography (CT). The
measurements revealed a left-to-right shunt of 0.41 (Qp/
Qs Z 2.45) and cardiac index of 1.75 L/min/m2.Figure 1 (A) Transesophageal echocardiography revealed a larg
computed tomography scan shows the origin of the fistula on the LM
among CAF, LM, LAD (arrowhead), and LCx (arrow). CAF Z cor
LCx Z left circumflex coronary artery; LM Z left main artery.Transesophageal echocardiography demonstrated a
large left-to-right shunt (Figure 1A), for which the coronary
arteryeRA fistula originated from the LM and proximal left
circumflex coronary artery (LCx). Multislice CT showed that
a large coronary arteryeRA fistula originated from the
proximal LCx, with focal aneurysmal dilatation (Figures 1B
and 1C). The patient had no history of Kawasaki disease or
Takayasu arteritis and exhibited no evidence of aortitis or
arteritis. After her condition improved and stabilized
through medical treatment, she was referred to depart-
ment of cardiovascular surgery for the ligation CAF and
atrial fibrillation ablation.
The patient underwent radical surgical correction
involving a median sternotomy approach. Cardiopulmonary
bypass was instituted; aortic and bicaval cannulae were
placed. The heart was arrested with antegrade blood
cardioplegic solution. The RA was opened; the fistula
was confirmed. An RA drainage orifice was closed with
multiple 4-0 prolene sutures. Next, histidinee-
tryptophaneketoglutarate (HTK) cardioplegia solution
(Dr. Franz Ko¨hler Chemie GmbH, Bensheim, Germany) was
infused; the modified maze (using cryoablation) combined
with translateral approach was applied. The left atrial
appendage was resected and closed. Next, the coronary
fistula was divided near the LM, and then resected and su-
tured with 5-0 prolene sutures proximally and distally
(Figure 2A). Then, the left atrium was closed with 3-0 pro-
lene sutures. Tricuspid valve annuloplasty was conducted
using a 30-mm Edward MC3 ring (Edwards Lifesciences Cor-
poration). We changed HTK to a small amount of blood car-
dioplegic solution administered with low perfusion pressure
to determine the bleeding of the stumps and other residuale left-to-right shunt (arrow); (B) the preoperative multislice
(arrow) and the proximal LAD (arrowhead); and (C) relationship
onary artery fistula; LAD Z left anterior descending artery;
Figure 2 (A) The coronary artery fistula (CAF) was divided
near the left main artery ostium and drained to the right
atrium posterior lateral wall, with a diameter of approximately
2.5 cm; ligation of CAF with 5-0 prolene sutures; (B) surgical
notes show the relationship between the CAF and coronary
arteries.
142 P.-R. Tzeng et al.outlets of the fistula. Finally, Surgicel (Johnson and John-
son’s Ethicon subsidiary) and Tissucol Duo Quick (Baxter AG,
Vienna, Austria) were used to cover the gross oozing region.
No active bleeding occurred throughout the entire opera-
tion. Thirteen days after the operation, the patient was
discharged with a substantial improvement of symptoms
(New York Heart Association Class I (NYHA class I)). After 2
months, we followed up with transthoracic echocardiogram.
The left and right ventricular ejection fractions had
improved by 50%.3. Discussion
CAF incidence isw0.1e0.2% and totalsw14% (in Taiwan) of
all congenital coronary anomalies; it typically presents as
solitary (72%), but can occur in multiples (28%).1 Most
children with small CAFs are asymptomatic. A continuous
murmur may be audible on routine examination if the fis-
tula is moderate-to-large in size.2 In elderly patients,
symptoms may include dyspnea on exertion, chest pain,
angina, fatigue, and palpitations. Older patients may pre-
sent with signs of low-output congestive heart failure, ar-
rhythmias, syncope, and rarely, endocarditis.3 Although
this is rare, patients with a large fistula may present with
high-output congestive heart failure. If angina is reported,
it may have been caused by coronary artery steal
syndrome.4
Treatment options for CAF include surgery and catheter
closure.5 Swan et al6 reported the first successful closure ofa fistula from using a cardiopulmonary bypass. Surgery is
not free of risk but associated with low morbidity and
mortality rates ranging from 0% to 1.4%.7 Myocardial
infarction occurs in < 5% of cases, and a risk of recurrence
of the fistula exists. Reidy et al8 published the first report
on percutaneous therapeutic embolization with successful
transcatheter fistula occlusion. Catheter closure of fistulae
is now considered an effective and safe alternative to
surgery.9 However, it can be complicated by inadvertent
coil migration,10 resulting from high flow in large fistulae or
undersized coils, transient T-wave changes, transient
bundle branch block, and myocardial infarction.11
In our patient, the greatest challenges were preventing
iatrogenic injury of the normal coronary arteries and
ensuring myocardial protection during cardiac surgery. Ac-
cording to the CT findings, the CAF originated from the LM
near the LCx and LAD. To prevent iatrogenic injury of the
coronary artery, we marked the LCx and LM with a pen
before isolating the CAF. This enabled distinguishing be-
tween the normal coronary arteries and the CAF. Next, we
created a loop around the CAF and divided it as close to the
LM as possible (Figure 2B). This prevented the formation of
a sac with a thrombus formation inside. After the CAF was
divided and ligated, antegrade blood cardioplegic with low
perfusion pressure was administered to determine bleeding
at the ligated stump and residual outlet of the RA.
Numerous cardioplegic methods have been clinically
applied for myocardial preservation. Our surgery included
the division of the CAF, arterial fibrillation ablation, and
tricuspid valve annuloplasty; myocardial protection is more
critical than a simple CAF ligation. The delivery of car-
dioplegic solutions is impaired by the anatomic condition of
the left-to-right shunt, and ischemic injury can occur
because of incomplete cardioplegia distribution. In our
patient, the main disadvantage of antegrade cardioplegia
in the presence of a large fistula to the RA was the direct
run-off of cardioplegic solution to the RA; consequently,
the myocardium was not adequately protected. Our
method combined antegrade-retrograde perfusion with
blood cardioplegic solution. First, we performed hypo-
thermia, opened the RA, found the outlet, and then closed
it as quickly as possible. When the outlet was closed, we
administered combined antegrade-retrograde cold blood
cardioplegic solution to quicken cardiac arrest. We did not
lose excessive cardioplegia after the outlet was closed; we
discovered residual outlet of the CAF in the RA while
administering the blood cardioplegic solution.
We combined blood cardioplegic solution and HTK,
because repeated infusion of cardioplegic solutions during a
long arrest time interrupts surgical procedures.12 St.
Thomas extracellular solution (Plegisol, Hospira, Inc) based
on a high potassium level leads to a rapid arrest of the
myocardium. However, it offers limited myocardial pro-
tection for patients requiring longer cross-clamp times. It
also increases cellular edema and impedes endothelial
functions because of the need for repeated perfusion dur-
ing ischemia.13 The low level of potassium and absence of
calcium in HTK solution have been suggested to be advan-
tageous for organ preservation, but this solution slowly
initiates arrest.14 Based on the advantages and disadvan-
tages of the St. Thomas and HTK solutions, we adapted the
protocol to use St. Thomas cardioplegia for achieving an
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longed myocardial storage.
CAFs are known to cause high-output heart failure; this
is unlikely to have been the only mechanism of left ven-
tricular dysfunction in our patient, because her cardiac
output was within the normal range. A high flow in the
fistula possibly resulted in a coronary steal phenomenon
with subsequent ischemia and dysfunction of the LV. The
theory is that runoff from a comparatively large proximal
arterial segment occurs preferentially through a lower-
resistance vascular bed (like a fistula), reducing the flow to
the higher-resistance nutrient coronary branches.15 Our
patient presented with congestive heart failure, and her LV
function recovered after surgery. Therefore, the CAF may
not have been the only lesion or a noncontributing factor,
but rather contributed to the symptoms of congestive heart
failure.
CAFs are rare but discovered with increasing frequency
because of improvements in imaging.16 They can cause
severe complications warranting treatment. Compared
with other open heart surgeries with a normal coronary
artery, CAFs lead to a more varied clinical course. Care
must be taken in protecting the myocardium. In our pa-
tient, surgery was performed under adequate myocardial
protection, and the patient had a favorable outcome. In
conclusion, CAF treatment with or without other pro-
cedures requires close attention and aggressive surgical
treatment under adequate myocardial protection, to pre-
vent congestive heart failure and provide sufficient coro-
nary circulation to the heart.References
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